Abstract: Usability of medical devices is one of the main determining factors in preventing use errors in treatment and strongly correlates to patient safety and quality of treatment. This thesis demonstrates the usability testing and evaluation of a prototype for locomotor therapy of infants. Therefore, based on the normative requirements of the EN 62366, a concept combined of evaluation procedures and assessing methods was created to enable extensive testing and analysis of the different aspects of usability. On the basis of gathered information weak points were identified and appropriate measures were presented to increase the usability and operating safety of the locomotor prototype. The overall outcome showed an usability value of 77.4% and an evaluation score of 6.99, which can be interpreted as "satisfactory".
Introduction
Usability has become more and more relevance in the development of medical products. Deficits through insufficient usability can lower the operating safety as well as the quality of treatment and therefore increase costs in health care. To increase safety an intuitive and easy handling should be provided [1, 2] .
To lower use associated risks and ensure safety, the standard EN 62366 provides, in the context of risk management, methods to implement an usability-orientatedprocess and verify the usability accordingly [3] . Beside device safety an optimized usability can improve the whole treatment process and thereby raise the quality of treatment. Potential negative effects on the compliance of the patient may be avoided which furthermore can enhance the process as well as the therapeutic success. Hence, the motivation of this work was to deal with different usability methods and assess the usability of a locomotor therapy device.
Material and methods

Proceeding
The usability testing was split into two phases: The first phase covers usability tests with volunteers (n of 13). The test was restricted to software operations and offered a first feedback about usability and general weak points in the software design. Based on this information, improvements of usability could be achieved.
The second phase comprises usability tests with the intended users, involving the whole user interface and application process. This allows the evaluation of usability and definition of selective measures to optimize usability and increase operation safety of the device. The number of test subjects was defined by 5-10 participants, according to recommendations from the literature (cp. [1, 4] ). The test was finally performed with four physical therapists for infants.
The usability test in both phases was realised as "think aloud". The tasks were selected based on the main operation functions and thus involves all frequently-used and safety-related functions. The effectiveness was determined by the task performance and the number and severity of use errors, respectively. Efficiency was evaluated by the handling time. To receive a comprehensive insight of the subjective user satisfaction the inquiry comprised a face to face interview and a questionnaire. The applied questionnaire accords to the "System Usability Scale" (SUS) from Brooke [5] , adapted to the medical context as well as the specific problem. Furthermore, a heuristic evaluation based on 10 defined heuristics according to Backhaus [1] was performed.
Evaluation methods
The analysis of data and evaluation of usability was carried out by three methods -"PROMEDIKS" [6] , "UseProb" [2] and defined usability aims, as suggested by the standard EN 62366 [3] .
PROMEDIKS from Backhaus [6] represents an evaluation method based on the influence factors "operability", "functionality" and their deficits. The identification of deficits occurs on a given set of criteria, which were modified for the evaluation of the prototype (see Table 1 ) and not identified by the median as suggested. Similarly the relevance of processes and operations must be assessed and considered in the evaluation. Therefore, for processes and operations, which can affect the compliance of infants or the safety, a weighting factor from 4 to 5 for the relevance of tasks (TR i ) and processes (PR i ) was used. A weighting factor from 1 to 3 was considered depending on the frequency of use of tasks and processes. Quantitative operability (QO) and process support (QPS) can be calculated as defined in Equations 1 and 2. The geometric mean of these parameters leads to the usability value (UV), see Equation 3 [6] .
QO: quantified operability; TR i : relevance of task, UA i : assessment of deficit, UA max : maximum of usability assessment, A: n + 1, n: number of estimation levels
QPS: quantified process support, PR i : relevance of process, PA ai : actual functional process support, PA max : maximum of process support
UV: Usability Value, QO: quantified operability, QPS: quantified process support UseProb from Büchel [2] presents a standardized evaluation method for medical devices based on a risk analysis. Usability problems, which were identified through a heuristic evaluation, the usability test and the user inquiry were estimated according to severity, incidence rate as well as the potential harm. The evaluation is based on the most serious problem of each task. The evaluation result can be calculated and the usability can be assessed by the given scale [2] .
The defined Usability Aims comprise objective aims and imply dimensions for effectiveness and efficiency. They were derived from main operation functions and consist of several aims for each task [3] . In this stage the aims simply represent handling attributes of the system. To get a result of the usability, the achievement of objectives was used and examined.
Results
The use of PROMEDIKS in phase 1 shows an impressive usability value of 85.3% (see Figure 1, UVTP_1) . The analysis of the questionnaire leads to a SUS Score of 89.1 which represents an "excellent" user satisfaction [7] . The examination of usability aims in contrast to the results of PROMEDIKS showed a target achievement of 45.5% which is not acceptable. The main goal of phase 1 was to detect general weak points of the software operations and to derive suitable measures. Major measures after testing comprise an increase of type size for better legibility, highlighting and labelling of relevant functions as well as the variation of terms to prevent inconsistencies. The outcome of phase 2, as shown in Table 2 , represents a lower usability value of 77.4%. This lower value results from the process of patient fixation, whereby seven severe operation deficits occurred. Figure 1 depicts the quantified results of the handling process separated from tests including software operations. The operability of the software could be improved up to 96% (see Figure 1) , mainly based on the implemented measures from phase 1. The usability aims could also be increased to 68% and lead to an acceptable result. The user satisfaction was slightly reduced from 89.1 to 82.9, which still represents a "good" to "excellent" user assessment [7] . Major points of criticism from the inquiry related to the handling of patient positioning and fixation.
The application of UseProb leads to at least 51 usability problems and 13 items which describe good or excellent solutions. The evaluation result is 6.99. In summary, this leads to an evaluation level of seven which corresponds to a satisfying usability where personal or material injuries are highly improbable [2] .
Conclusion
On the basis of the results from phase 2 the usability of the locomotor therapy device was assessed as "satisfactory". In spite of different evaluation strategies the used methods approximately lead to equal results.
Most of the detected weak points and deficiencies slightly affect the usability and can be assessed as "trivial" in regard to the good learnability. The general high user satisfaction proves this conclusion. Furthermore it could be shown that the implemented measures from phase 1 increased the usability of the software operation.
Usability deficiencies, which possibly affect patient safety, mainly concern the procedure of patient positioning and patient fixation. Special training courses as wells as a setting-in period should be considered to decrease the risk for this handling procedure. In addition to that checklists for attachment and fixation could be implemented.
These measures should lead to optimized usability and higher operation safety of the locomotor therapy prototype. The effectiveness of these measures needs to be evaluated in further testing. Therefore a field testing is planned, whereby under the consideration of the intended use of the device a final and valid evaluation should be carried out.
